Introduction Kamp et al. (2013) , which is why mathematical models of STIs tend to adopt a simpler approach by stratifying the population into subgroups with varying levels of sexual 69 activity (Hethcote and Yorke, 1984; Garnett and Anderson, 1993b; Garnett et al., 1999).
70
These models are often referred to as 'risk class models', although the stratification is 71 based on the partner change rate that does not necessarily correlate with risk. In models, and in order to increase sample size, we pool data of women and men together.
124
The reported numbers of sex acts during the last 4 weeks are highly dispersed 125 (Fig. 1A) . Therefore, we assume that the observed number of sex acts during the last distribution is reduced to a geometric distribution for k = 1.
138
We assume that the mean of the negative binomial distribution is given by the 139 following functional relationship:
where m i and c i are the average number of sex acts and the number of sex partners for 141 individuals of sexual activity class i, respectively. m i can then be scaled to obtain the 142 expected number of heterosexual sex acts per year (M i ).
143
We construct a series of nested models by fixing some of the parameters to specific partners.
149
Epidemiological model
150
We assume the population to be stratified into n different sexual activity classes 
where 1/γ and 1/µ denote the average duration of infection and the average time spent 160 in one sexual activity class, respectively. ρ ij represents the elements of the mixing matrix 161 that, following Garnett et al. (1999) , can be defined as
where δ ij denotes the Kronecker delta (it is equal to 1 if i = j and to 0 otherwise).
163
Mixing can be varied between proportionate ( = 0) and fully assortative ( = 1).
164
The per partnership transmission probability b ij can be considered as a Bernoulli
165
process of repeated transmission probabilities per sex act:
where β denotes the transmission probability per sex act and a ij the number of sex acts 5. If i > 1, set i = i − 1 and go to step 3. Otherwise, stop.
183
We calculate the basic reproduction number, R 0 , for a given sexual activity class as 184 follows:
. R 0 for the entire population is calculated using the next generation behavior is given in Table 1 .
188 Table 1 : Parameters and variables used to describe the sexual behavior and the epidemiological model. 
195
Indirect method
196
We fit the epidemiological model to chlamydia prevalence data to obtain maximum 197 likelihood estimates of behavioral and/or infection parameters (Bolker, 2008) . Given 198 a model-predicted prevalence y i for sexual activity class i, the log-likelihood to find k i 199 positive tests in a sample of X i individuals over all n sexual activity classes is
We obtain the model predicted prevalences for each sexual activity class, y i , by between the number of sex acts, m i , and the number of sex partners, c i , describes the 215 data best (Table 2 and Fig. 1B, solid line) . The model where the number of sex acts 216 for individuals with different numbers of sex partners is constant also fits the data 217 well (Fig. 1B, dashed line) . In contrast, the commonly used assumption where the total 218 number of sex acts is strictly proportional to the number of sex partners is not consistent 219 with the data (Fig. 1B, dotted line) . We also fit an exponential relationship between the 220 number of sex acts and sex partners (as suggested by Garnett and Anderson (1996) ) to 221 the data, but this resulted in a poorer fit (AIC = 17380.1) compared to the models in 222 Table 2 . We fit two models to the Natsal-2 and CSF chlamydia prevalence data to estimate the 
Functional relationship

252
We infer the functional relationship of the number of sex acts and sex partners by fitting 253 the model to the Natsal-2 and CSF chlamydia prevalence data simultaneously (Table 4) .
254
To this end, we set the per sex act transmission probability and the infectious duration
255
to values similar as estimated in Table 3 (β = 3% and 1/γ = 1 year). We find that sex act transmission probability β, the recovery rate γ and the sexual mixing coefficient 281 from Table 3 .
282
For the linear model, distributing the number of sex acts to sex partners of different 283 sexual activity classes generates the sex acts matrix a ij (Fig. 3A) . From a ij , we can then last year, and saturates around three for higher number of partners (Fig. 4A, black   300 squares). The differences between the models is also reflected in the value of R 0 for the 301 entire population. In the classical model, the R 0 for chlamydia is 1.26 while it is 1.12 302 for the more 'realistic' model.
303
Screening for and treating of asymptomatic chlamydia infection is the primary strat- one. The classical model predicts that low screening rates are sufficient to prevent trans- 
329
A major strength of our approach is that our model formulation allows us to exploit 
335
Note that an advantage of the indirect method is that it only estimates potentially 336 infectious, or unprotected, sex acts.
337
There are several limitations to our study. likely to depend on the population studied. 
